The end-organ resistance to androgens has been designated as Androgen Insensitivity Syndrome (AIS), an X-linked disorder caused by mutations in the Androgen Receptor (AR) gene. It is generally accepted that defects in the AR gene prevent the normal development of both internal and external genital structures in 46,XY individuals, causing a variety of phenotypes ranging from male infertility to completely normal female external genitalia. Precise diagnosis requires clinical, hormonal and molecular investigation and is of great importance for appropriate gender assignment and management in general. The complexity of phenotypic presentation of AIS with genotype-phenotype variability of identical mutations complicates both the diagnostic procedure and genetic counseling of the affected families. More than 400 different AR gene mutations have thus far been reported but the receptor structure-function relationship and its phenotypic outcome is not yet fully understood. This review focuses on the clinical features and molecular pathophysiology of AIS and explores the relationship of the molecular defects in the AR gene to their clinical expression.
with Kennedy disease 11 as well as in infertile men. 12 Downstream of the PolyQ region, near the 3΄-end of NTD, there is another polymorphic polyglycine (PolyG) region. Exons 2-3 encode the DNA-binding domain, exons 4 (3΄-end region) to 8 encode the ligand-binding domain, while the 5΄-region of exon 4 encodes the hinge region.
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Androgen receptor And mechAnIsms of Androgen ActIon
Androgens exert their effects by mediating the differentiation and development of the normal male phenotype via a single receptor protein, the androgen receptor (AR). 14 The androgen receptor belongs to the superfamily of nuclear receptors which includes receptors of other steroid hormones. 13, 15 It is expressed in fetal tissues as early as 8 weeks of gestation, before the onset of androgen action, and is activated in a ligand-dependent manner to coordinate expression of suitably responsive genes. In the human male embryo, testes begin to secrete androgens at 9 weeks of gestation. Endogenous androgens, testosterone (T) and dihydrotestosterone (DHT) form a complex with AR, giving rise to different biological messages. 16, 17 Testosterone, which peaks between 11 and 18 weeks of gestation, stimulates differentiation of the Wolffian duct system into epididemis, vas deferens and seminal vesicles. Development of the prostate from the urogenital sinus and masculinization of the primordial the Tfm locus 2, 3 and later Migeon et al 4 demonstrated the homology of the locus for the human disorder to that in the mouse. In 1989, the exact localization of the human Androgen Receptor gene (AR gene) was defined on Xq11-12 5 and in the same year the first proof that AIS was caused by mutations in the AR gene was published by Brown et al. 6 The final evidence of the molecular background of the AIS was offered by the report on the sequence of the intron-exon boundaries of the human AR gene 7 in 1989.
The clinical phenotypes of AIS are variable and are classified into three main categories: complete (CAIS), partial (PAIS) and mild (MAIS) form, the designations reflecting the severity of androgen resistance.
Ar gene
The AR gene is a single copy gene that spans ~90 Kb of genomic DNA and lies on the X-chromosome at Xq11-12.
7-9 The protein coding region (~2757 Kp open reading frame) comprises 8 exons, designated A-H 7 or 1-8, 10 separated by introns up to 26 Kb in size 8 ( Figure 1 ). Exon 1 encodes the amino-terminal domain (NTD) which comprises more than half of the AR protein. Toward the 5΄end of exon 1 is a CAG repeat region (polyglutamine, PolyQ) that contains an average of 21±2 repeats. This repeat region is highly polymorphic and is found expanded in patients Figure 1 . Human androgen receptor gene is mapped to the long arm of the X-chromosome (Xq11-12). The human androgen receptor protein is encoded by 8 exons (1) (2) (3) (4) (5) (6) (7) (8) . Similarly to other nuclear receptors, the protein consists of several distinct functional domains: the NH2-terminal domain (NTD) containing two polymorphic stretches [(Gln)n and (Gly)n], the DNA-binding domain (DBD), the hinge region and the ligand binding domain (LBD). external genital into penis and scrotum require the more potent androgen, DHT. DHT is derived from testosterone via the action of the enzyme 5alpha-reductase type 2 which is expressed in these tissues. Mediation of the action of both testosterone and DHT requires the presence of AR in target tissues. 18 AR protein consists of 919 amino acids, has a molecular mass of 110 kD and is organized in three main structural domains (Figure 1 ):
The N-terminal domain (NTD) or transactivation domain is the least homologous in sequence and most variable in size domain among the members of the steroid receptor family. This domain is mainly involved in the regulation of target gene transcription as well as in transcriptional regulation via protein-protein interactions with other transcription factors.
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The DNA binding domain (DBD) is the most highly conserved part of the receptor molecule, which determines the specificity of AR interaction with DNA. 23, 24 DBD consists of two zinc clusters: one is involved in direct DNA-binding and contains the so-called P-box for the specific recognition of the androgen-response element, while the other is implicated in protein-protein interactions and serves as a stabilization unit for the dimerization of the two receptor molecules.
The ligand-binding domain (LBD) functions principally by specific, high-affinity binding of androgens. In addition, the LBD is also involved in nuclear localization, receptor dimerization and interaction with other proteins. 8 The amino acid sequence of this region displays about 50% homology with the corresponding residues in glucocorticoid, mineralcorticoid and progesterone receptors. 25 Between the DBD and the LBD lies the hinge region (encoded by the 5΄-region of exon 4), which contains the major part of the AR nuclear targeting signal and mediates the transfer of AR from the cytoplasm to its site of action in the nucleus. 19, 20, 26 Recently, the complex crystal structure of the human androgen receptor LBD and the synthetic ligand methyltrienolone (R1881) were determined by Matias et al. 27 Elucidation of the 3-D crystallographic structure established that 12-alpha-helices and 4 short
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• β-strands, associated in 2 anti-parallel β sheets, form a typical helical sandwich. This structure is involved in the construction of the ligand-binding pocket allowing an interaction surface for binding proteins, such as co-activators and co-repressors. The ligand-binding pocket of the androgen receptor ligand-binding domain contains 20 amino acid residues that interact with the bound ligand. 27 In the absence of ligand, the AR resides in the cytoplasm. 28 Hormone binding induces a transconformation of the receptor and allows its dimerization and translocation into the nucleus, where it initiates transcription through specific interactions with the transcription machinery ( Figure 2) . 29 Any event which could impair the normal function of the AR may, among others, result in insufficient androgen action in a male fetus and undervirilization of the male newborn. 30 
clInIcAl feAtures
Androgen insensitivity syndromes probably represent the most common identifiable cause of male pseudohermaphroditism. 31, 32 Affected individuals usually present with a 46,XY karyotype, incompletely descended testes and female or partially masculinized external genitalia. AIS has traditionally been classified into three clinical subgroups based on the genital phenotype: complete (CAIS), partial (PAIS) and mild or minimal (MAIS) androgen insensitivity syndrome. In table 1 the clinical features of AIS subgroups are summarized.
25
Complete Androgen Insensitivity Syndrome (CAIS)
The estimated prevalence of CAIS is about 1:20,000-64,000 male births. 25, 33 Individuals affected by CAIS present normal female external genitalia. They may present with a short blind ending vagina, absence of Wolffian duct derived structures like epididymides, vas deferens and seminal vesicles, absence of prostate. At puberty breast development is observed but pubic and axillary hair are absent. 25 Müllerian structures rarely occur in CAIS individuals. [34] [35] [36] In the extensive study of Rutgers and Scully, however, Müllerian duct derivatives, such as diminutive fallopian tubes, were detected in up to one third of the 43 cases studied. 37 In a study from our group which included 11 patients with CAIS, only one individual, a 14.5-year-old girl, who carried the new mutation p.L881P, exhibited a unilateral fallopian tube structure. 38 Wolffian duct derivatives are also rarely found. 39 Subjects with CAIS are born unambiguously female and are not suspected of being abnormal until the onset of puberty, when breast development is normal but pubic and axillary hair is not developed and menses do not occur. A number of patients are recognised when they present inguinal hernia. The age at onset of breast development has not been studied extensively but has been reported as delayed in some individuals, being more consistent with the onset of puberty in males. 25, 40, 41 A recent retrospective study of 9 postpubertal individuals with CAIS suggests that these individuals enter puberty at an age closer to that of females. 42 Timing of referral to clinicians of individuals affected with CAIS extends from birth or even before birth to adulthood. The reasons for early referral (fetal life or infancy) is a discrepancy between the finding of a 46,XY karyotype on amniocentesis and the presence of female external genitalia on prenatal ultrasound examination or during clinical examination at birth. 43, 44 Later on, the development of inguinal hernia, often bilateral, raises the question of AIS. Grumbach and Conte 45 estimated the prevalence of AIS in phenotypically female infants presenting with inguinal hernia to be 1-2%.
Partial Androgen Insensitivity Syndrome (PAIS)
Partial or incomplete forms of AIS comprise a wide spectrum of clinical phenotypes. Because of variability of clinical manifestations and the existence of subtle or atypical forms of androgen resistance such as male infertility, 46-48 the prevalence of partial forms of AIS is unknown. As a group, however, these disorders may be at least as common as the CAIS.
The various phenotypes of PAIS reflect the severity of undervirilization. Individuals with predominantly female external genitalia present mild clitoromegaly, some fusion of the labia and pubic hair at puberty, while those of predominantly male appearance of external genitalia exhibit micropenis, perineal hypospadias and cryptorchidism (also called Reifenstein syndrome, OMIM# 312300). 25, 49 In the group of PAIS individuals, Wolffian duct derived structures can be partially or fully developed, depending on the biochemical phenotype of the AR, while testes are more frequently found undescended (in the inguinal region or in scrotum/labia majora). 50 At puberty, elevated luteinizing hormone, testosterone and estradiol levels are observed, but in general, the degree of undervirilization is less as compared with individuals with CAIS. 13, 51 Affected subjects usually develop gynecomastia with no significant increase in the size of phallus. The testes have a reduced number of germ cells with consequent azoospermia and they may later on, at puberty, develop in situ carcinoma.
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Mild Androgen Insensitivity Syndrome (MAIS)
MAIS is the phenotype at the other extreme to CAIS. Genitalia may be underdeveloped for a male or there may be simple coronal hypospadias or a prominent midline raphe of the scrotum. 50 At puberty, MAIS takes two phenotypic forms, both presenting with various degrees of gynecomastia, high-pitched voice, sparse sexual hair and impotence. In one form of MAIS, spermatogenesis and fertility are impaired, 53, 54 while in another spermatogenesis is normal or sufficient to preserve fertility. 52, 55 Although experience with MAIS families is limited, they appear to harbor relatively little phenotypic disparity.
Subjects with MAIS AR mutations may have lower ejaculate volume, higher testosterone levels, higher oestradiol levels and higher androgen sensitivity index. However, the ranges for these variables are highly overlapping between men with and without AR gene mutations. 56, 57 
AR defects in other conditions
A polymorphism involving the CAG triplet repeat expansion of the AR gene, coding for a polyglutamine (PolyQ) tract in the N-terminal transactivation domain of the AR protein, has been involved in certain endocrine and neurological disorders. In the endocrine disorders, the PolyQ size has been proposed as being associated with male infertility, hirsutism and cryptorchidism. 58 The molecular mechanisms of these alterations are thought to involve a modulation of AR transcriptional competence, which inversely correlates with the PolyQ length.
Among neurological disorders, an expanded CAG repeat (greater than 35-40 contiguous glutamines) is linked to a rare inherited X-linked neurodegenerative disease, Spinal and Bulbar Muscular Atrophy (SBMA) or Kennedy's disease. 11, 59 Kennedy's disease is a chronic, progressive neuromuscular disorder characterized by proximal muscle weakness, atrophy and fasciculation. Affected males may show signs of androgen insensitivity, including gynaecomastia, reduced fertility and testicular atrophy. The principal pathological manifestation of SBMA is the loss of motor neurons in the spinal cord and brainstem. 60 CAG repeat length (PolyQ) in the AR gene is also correlated with tumors of classical androgen target tissues, influencing the age at diagnosis, the total risk, the recurrence after surgery and the aggressive growth. 61 In the prostate, where androgens exert a mitogenic effect, the cancer risk increases with decreasing PolyQ repeat length. In the breast, where The observed functional impact of a mutation in the AR gene depends on the exact locus across the gene sequence. Mutations in the NTD (exon 1 of the gene) do not occur frequently and the vast majority result in a stop codon or premature termination due to frameshifts caused by nucleotide insertions or deletions. 13 The LBD, which is encoded by less than half of the AR gene, harbors the majority of mutations thus far identified. Mutations in exons 5 and 7 are the most frequent and in their vast majority are single base substitutions (Androgen Receptor Mutation Database, http://www.mcgill.ca/androgendb). A special group of interesting but rare mutations are the splice donor and splice acceptor site mutations in the AR gene as well as mutations outside the coding region. 13, 69 Most of the identified mutations of the AR gene are isolated, but they may also be recurrent. The majority of molecular defects are inherited (~70%), while about one third are de novo mutations, either germline or somatic. 70 Germline mutations arise either from a single germ cell or a germ cell mosaicism of the mother, while somatic mutations indicate a molecular defect that was not inherited but occurred after the zygotic stage. In the latter case, the patient exhibits somatic mosaicism with both mutant and wild-type receptors expressed in different proportions. Somatic mutations in the AR gene have only recently been reported. [71] [72] [73] [74] [75] Identification of a somatic mutation can be difficult as it may be present only in a small number of cells, but it is of great importance for the correct sex assignment at birth, since the presence androgens probably act as anti-mitogens, a higher risk and earlier onset of breast cancer has been reported in carriers of BRCA1 mutations, which also have long CAG repeats in the AR gene. Alterations in somatic cells leading to carcinogenesis appear to be frequent in endometrial and in colon cancer. 61 
endocrIne feAtures
The hormonal profiles of patients with CAIS and PAIS are identical. Serum testosterone (T) and luteinizing hormone (LH) are at or above the upper normal limit during the first 3 months of life, while prepubertal patients generally have T and LH concentrations in the normal range for their age. 62, 63 In CAIS, testosterone levels are elevated at the time of puberty. Elevated luteinizing hormone (LH) levels are found, indicating androgen resistance at the hypothalamic-pituitary level. The high levels of testosterone, a substrate for aromatase activity, result in substantial amounts of estrogens, which are responsible for very good breast development at puberty in CAIS individuals. Adults with in situ testes usually have increased levels of LH, normal (sometimes elevated) concentration of T and follicle-stimulated hormone (FSH) as compared to normal males, and estradiol at the upper normal limits. 51, 64 In PAIS, hCG testing is necessary to demonstrate normal T and DHT production so as to exclude defects in testosterone biosynthesis and 5alpha-reductase 2 deficiency. High levels of LH result from a reduced sensitivity of the hypothalamus and hypophysis to the negative feedback regulation of gonadotropin secretion by sex steroids, probably due to impaired androgen sensitivity. The increased LH secretion stimulates Leydig cell steroid production and results in increased production of testosterone and estradiol. 65, 66 In patients with AIS, Anti-Müllerian Hormone (AMH) concentration is normal as the secretion and function of sertoli cells is not impaired. However, rare sporadic cases of CAIS have been reported with Müllerian remnants and inappropriate synthesis or action of AMH.
moleculAr defects In AIs
AIS is associated with a wide variety of molecular defects that may or may not affect androgen binding. These include: (a) single point mutations resulting of a functional wild-type AR can induce virilization at puberty. 70 Beyond the well-defined molecular defects in the AR gene, cases have been described with a degree of androgen resistance, clinical phenotype of AIS but normal AR gene sequence. One of the variable pathophysiological mechanisms suggested in the literature for these cases is the expansion of the polyglutamine repeats within AR that may interact with other unknown factors and result in undermasculinization. 32, 76 In addition, the presence of a co-regulator protein defect may have a serious impact on the final phenotype, as pointed out by Adachi et al. 
phenotype-genotype correlAtIons of Ar mutAtIons
The observed functional impact of a mutation in the AR gene on the phenotype depends on the exact locus of the defect across the gene sequence. 52 Boehmer et al 78 analysed the genotype-phenotype relationship in AIS and the possible causes of phenotypic variations in families with many affected individuals. Intrafamilial phenotypic variation was observed for mutations R846H and M771I. Patients with a functionally defective AR have some pubic hair, Tanner stage P2 and vestigial Wolffian duct derivatives despite absence of AR expression. Vaginal length was functional in most but not all CAIS patients. Boehmer et al concluded that, while phenotypic variation was absent in families with CAIS, distinct phenotypic variation was frequently observed in families with PAIS. According to literature reports, complete gene deletions, partial deletions, insertions, duplications as well as nonsense and frameshift mutations leading to a premature translation termination codon result almost exclusively in complete AIS. Truncated androgen receptors have been shown in vitro not to cause transactivation and/or ligand binding. 79 Mutations that affect splicing are found in CAIS as well as in PAIS patients. The resulting phenotype depends on the residual function of the mutant AR and on the amount of functional or wild-type transcript produced by alternative splicing. 80, 81 Missense mutations, however, resulting in single amino acid substitutions, represent the most common structural defects associated with diverse phenotype. Different factors have been suggested as influencing the expression of AR mutations. The traditional explanation is that the level of competence of coregulatory proteins acts as a genetic "background" factor in determining the overall clinical outcome. 52 Co-regulators are molecules that interact with nuclear receptors either to increase (co-activators) or to decrease (co-repressors) gene transcription in a ligand-dependent manner by forming a multiprotein complex which involves the basic transcription machinery. 82, 83 Furthermore, Holterhus et al 84 have recently investigated a patient with PAIS phenotype and defective AR transcription and translation, despite the absence of a molecular abnormality in the entire AR gene. The authors attributed the reduced activity of the AR protein found in this case to the possible existence of a defective AR promoter caused by a mutation or by reduced cellular availability or dysfunction of an AR-promoter-interacting factor critical for the initiation of the AR transcription. Another probably important mechanism which may account for some variable expressivity is the presence of somatic mosaicism of mutant and wild-type alleles of AR, due to a de novo postzygotic somatic mutation. 72, 85 According to Hiort et al, 71 the proportion of somatic mosaicism in a group of 30 families with AIS patients was relatively high (3 of the 8 patients had de novo mutations). Somatic mosaicism should always be considered in AIS individuals with unexpected normal virilization, which could be the result of the expression of the wild-type androgen receptor in some cell lines. 86 Holterhus et al previously presented a case of a 46,XY newborn with ambiguous genitalia carrying a mosaic of Val866Met mutation with the wild-type AR gene. Despite the fact that this mutation has usually been associated with the complete AIS phenotype, the newborn exhibited signs of virilization due to the expressed wild-type receptor. 85 Discrepancies of phenotype-genotype can also be caused by splice site mutations due to alternative splicing, 81, 87 or by differences in 5alpha-reductase 2 activity and thus in adequate DHT availability. 78 The length of polyglutamine repeats in exon 1 is also a candidate factor leading to diverse phenotypes. 88 In a recent report, Werner et al 89 documented experimentally the contradictory effect of the combination of a short polyglycine (PolyG) repeat with the rare mutation of the hinge region A645D, resulting in seriously reduced AR activity when paired with a long polyglutamine (PolyQ) repeat and in almost wild-type AR activity when paired with a short PolyQ repeat.
dIAgnosIs of pAtIents wIth AIs
The diagnosis of CAIS is usually based on clinical findings and laboratory evaluation. The diagnosis of PAIS and MAIS may additionally require a family history consistent with X-linked inheritance. 52 To establish the diagnosis of AIS, a 46,XY karyotype is essential, as well as determination (baseline or after hCG stimulation) of testosterone, testosterone precursors and DHT levels, in order to exclude defects in testosterone biosynthesis or 5alpha-reductase 2 deficiency. The clinical phenotype can be classified according to Quigley et al in 7 grades (Table 1) . Family history compatible with X-linkage can be helpful, especially in the partial forms of the disease. 50 Manifesting carriers should also be identified through the detailed study of the family tree; these present with asymmetric distribution and sparse or delayed growth of pubic or axillary hair and account for about 10% of all carriers. 90 In postpubertal patients, normal breast development and primary amenorrhea contribute to the clinical suspicion of AIS. Additional endocrine findings are discussed in the present text under "endocrine features". Imaging studies in individuals with AIS and female phenotype show a short blind-end vagina, absence of uterus and other Müllerian remnants, as well as absence or underdevelopment of Wolffian duct derivatives, depending on the degree of the functional AR defect. The gonads will always be testes and can be found in any position, from the abdomen to the scrotum/labia majora, though they are most frequently found in the inguinal region.
The diagnosis of AIS is confirmed with the identification of a molecular defect in the AR gene. Sequence analysis of all 8 exons of the AR gene detects mutations in more than 95% of individuals with CAIS. 90 Mutation detection rate for milder phenotypes is not known; in several studies, however, it ranges from 28% 33 to 73%. 49, 50 Study of androgen-binding activity in genital skin fibroblasts could be helpful in the diagnosis of PAIS patients, increasing the likelihood of finding a mutation in the LBD when impaired. 91 The variable expression within or among families is of great importance and is disclosed by taking a sophisticated family history. For instance, the presence of apparently isolated hypospadias or azoospermia, or maternally related females with delayed menarche, primary amenorrhea, delayed and reduced or absent sex hair, or even cliteromegaly with or without posterior labial fusion may be caused by androgen insensitivity. The equivalent would be true in the early differential diagnosis of phenotypic females with any of these presenting signs.
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Management of AIS patients
Sex assignment of children with ambiguous genitalia remains a difficult and complicated decision for the families and clinicians involved and is subject to controversy among professionals and self-help groups. 92, 93 These decisions must be based on the correct diagnosis, which will facilitate prediction of development during puberty and adulthood in affected individuals. 94 Whether virilization will increase at puberty or following androgen therapy in a neonate with ambiguous genitalia is a crucial question. Kohler et al 70 suggest a testosterone treatment trial in all patients with PAIS in order to evaluate the virilizing capacity of the newborn external genitalia before sex assignment. This is, nonetheless, a currently controversial topic among pediatric endocrinologists, because there is no evidence that a good response to exogenous testosterone in neonates will be followed by a similar response at puberty. However, in the case of an AR somatic mosaicism identified at birth, a testosterone treatment trial could be warranted because a certain type of the wild-type receptor is present and likely functionally active. In the same study, Kohler et al presented two PAIS patients with somatic mosaicism, who showed sufficient virilization at puberty due to the functional wild-type AR. In general, sex-ofrearing is assigned on the basis of genital phenotype and hormonal data, as reported above, as well as the clinical response to a testosterone treatment trial, the feasibility of reconstructive surgery and molecular studies of the AR gene. Depending on the phenotype, management of the patients is as follows:
CAIS: XY individuals with complete androgen insensitivity syndrome in whom the external genitalia are those of a normal female pose no dilemma of sex assignment. Affected individuals are raised as females, and in such cases the pediatric endocrinologist can handle the problem along with an experienced psychiatrist who will support both the family at diagnosis as well as the patient later in life. 92 A common practice is to remove the testes after puberty when feminization of the affected individual is complete, since feminization occurs partly by testicular estrogen and partly by peripheral conversion of androgen to estrogen. The reason for the postpubertal gonadectomy is the risk of testicular malignancy, which seldom occurs before puberty. Goulis et al reported a case of bilateral testicular hamartomata in an 18-year-old individual with CAIS, who carried the R831X mutation of the AR gene. 95 Prepubertal gonadectomy is indicated if inguinal testes are physically or esthetically uncomfortable and if inguinal herniorrhaphy is necessary. In this case, estrogen replacement therapy is necessary to initiate puberty, maintain feminization and avoid osteoporosis. Vaginal length may be short and require dilatation in an effort to avoid dyspareunia. Wisniewski et al 96 assessed by questionnaire and medical examination the physical and psychosexual status of 14 women with documented CAIS. Secondary sexual development of these women was found satisfactory, as judged by both participants and physicians. Most women were satisfied with their psychosexual development and sexual function. All of the women who participated were satisfied with having being raised as females and none desired a gender reassignment. In general, the medical, surgical and psychosexual outcomes for women with CAIS were satisfactory; nonetheless, specific ways for improving long-term treatment of this population were identified.
PAIS:
In PAIS with predominantly female genitalia, the issues are similar to those discussed under CAIS, with the exception that prepubertal gonadectomy is preferred to avoid the emotional discomfort of increasing clitoromegaly at the time of puberty. In PAIS with ambiguous genitalia or predominantly male genitalia, sex assignment is a complex process that requires timely assessment by a multidisciplinary team in consultation with the family and should be resolved as early as feasible. Aside from purely anatomical and surgical considerations, the choice of a male sex-of-rearing demands a therapeutic trial with testosterone in an effort to predict potential androgen responsiveness at puberty. Furthermore, appreciable phallic growth in response to administered androgen facilitates reconstructive surgery. 97 
MAIS:
In infertile subjects with MAIS, promotion of spermatogenesis would be the main goal, and sperm retrieval would not be necessary in the context of an intact sperm-delivery system. Apart from one successful experience with mesterolone (1a-methylandrostan-17β-ol-3-one) in promoting spermatogenesis and fertility twice in a man with MAIS, 98 experience with long-term natural androgen pharmacotherapy is meager and its value unclear. 44, [99] [100] [101] 
genetIc counselIng
Most cases (70%) of AR mutations are inherited and transmitted in an X-linked manner. In this situation, there is a likelihood of 50% for an XY offspring of being affected and for an XX offspring of being a healthy carrier. De novo mutations represent 30% of AR mutations and the risk of transmission can be considered as being very low, since there is to date no report of transmission to a second child. A rare exception to this (only two reported instances) is the case of germline de novo mutations in the mother. In this circumstance, the presence of germ cell mosaicism can be assumed and the risk of transmission is regarded as high. 70, 75 However, the possibility of germline mosaicism cannot be excluded in any case of de novo mutation of the AR gene and one should be cautious in the genetic counseling of these families. 
